Retinitis pigmentosa is a heritable group of blinding diseases resulting from loss of photoreceptors, primarily rods and secondarily cones, that mediate central vision. Loss of retinal vasculature is a presumed metabolic consequence of photoreceptor degeneration. A new study shows that autologous bone marrow-derived lineage-negative hematopoietic stem cells, which incorporate into the degenerating blood vessels in two murine models of retinitis pigmentosa, rd1 and rd10, prevent cone loss (see the related article beginning on page 765). The use of autologous bone marrow might avoid problems with rejection while preserving central cone vision in a wide variety of genetically disparate retinal degenerative diseases.
Retinitis pigmentosa is a common label for a heterogeneous group of heritable retinal degenerative diseases that result in progressive visual loss secondary to photoreceptor cell death. Of the 2 photoreceptor cell types in the vertebrate retina (rods and cones), these diseases primarily affect rods; the cones die an "innocent bystander" death. This is reflected in the natural clinical course of retinitis pigmentosa, which usually begins with loss of rod-mediated night vision and advances over the years with progressive loss of the peripheral visual field and, ultimately, the loss of central, cone-mediated vision. There is concomitant attenuation of the retinal vasculature. It is thought that vascular loss follows decreased metabolic demand by the photoreceptors. Currently no definitive treatment for retinitis pigmentosa exists, although nutritional approaches may slow some forms of this disease (1, 2).
Potential therapies for retinitis pigmentosa
Encouraging advances in gene therapy have led to partial reversal of the phenotypic changes observed in some animal models of retinitis pigmentosa, the rd (3) and rds (4) mouse, the Royal College of Surgeons rat (5) and in the RPE65 phenotype in dogs (6) , after viral transfection of photoreceptors or retinal pigment epithelium with the appropriate wild-type gene (7, 8) . However, specific genetic defects have been found in a relatively small number of retinal degenerative diseases, which thereby limits the potential application of gene therapy for those few patients with a known mutation. The use of trophic factors (9-11) and calcium channel blockers (12) has slowed disease progression in some retinal degeneration models, but in the case of trophic factor treatment, delivery of high-molecular-weight proteins to the retina has presented challenging problems. The use of cells expressing a single transgene encoding a neurotrophic substance (ciliary neurotrophic factor), encapsulated to prevent induction of an immune response, has recently been studied in the clinic, although encapsulated cells still retain the potential for rejection (11) . There has been some success with transplantation of neural stem cells, but this approach is limited by political and ethical controversies related to the use of embryonic stem cells, as well as by cell rejection (13) .
An attractive therapeutic intervention, short of correcting every individual gene mutation, would be one that affords a generic neuroprotective effect with minimal intravitreal injections and without risk of rejection. Protection of both rods and cones would be optimal, but protection of cones alone would be very beneficial, since the human retina is cone-dominated; these cells, responsible for fine and color vision, are concentrated in the central retina (macula), and if they could be maintained, most patients would have highly functional vision, even in the absence of rods.
Autologous bone marrow-derived stem cells prevent loss of cones
In this issue of the JCI, Otani and coworkers (14) have explored a novel and widely applicable approach to the treatment of these diseases that may offer cone neuroprotection without immune rejection. This work is based on the prior observations of this group and others showing that adult bone marrow-derived lineage-negative hematopoietic stem cells (Lin -HSCs) containing endothelial precursors incorporate into degenerating (or newly forming) vessels and stabilize and rescue retinal blood vessels that would ordinarily completely disappear secondary to photoreceptor cell loss (15) (16) (17) . In their current study, this group has shown that stabilization of the vasculature with Lin -HSCs, which integrate into and associate with degenerating vessels, can prevent loss of cones in 2 mouse models of retinal degeneration, rd1 and rd10 (14) (Figure 1 ). This effect was observed following delivery of bone marrow derived from genetically defective mice as well as bone marrow derived from wild-type mice. This observation in mice suggests that in humans, the patient's own bone marrow cells (even from patients with a genetic defect) might provide an efficacious cone neuroprotective effect. This effect might not only preserve central vision but might circumvent many of the unwanted potential side effects associated with the use of viral vectors in long-term gene therapy as well as avoiding the problem of rejection that may result following administration of embryonic stem cells.
Can this mouse study be applied to patients?
There are many questions and much work that lies between the current study and clinical application; what is the specific cell population in human bone marrow that affords the neuroprotective effect, and can a manufacturing process be developed that would make such a treatment feasible? What is the precise molecular mechanism whereby this effect is achieved, and can it be mimicked by administering trophic substance(s) or small molecule(s)? It is likely that more than one factor is produced by these stem cells to achieve their trophic effect. Are there any long-term toxicities associated with the intravitreal injection of bone marrow-derived LinHSCs? How long will such cells produce trophic factors? Will this trophic effect persist after vessels revert to a "normal" mature phenotype, and therefore how often would the injection need to be repeated to achieve long-term stability of the cones? Would autologous bone marrow-derived Lin -HSCs engraft in adults as successfully as in the neonates used in these studies, and will these rodent studies be applicable to humans?
We do not know what specifically causes the death of cones in a retina in which a rod-specific genetic defect is present. A rod-produced cone "survival" factor has been identified (18) , and if a "cone-friendly" environment could be maintained in the absence of rods, this might be sufficient to maintain functional vision in the human cone-dominated retina. The observation by Otani et al. (14) that a paracrine effect of retinal vasculature could provide such an environment suggests that it may be possible to maintain vision even in the absence of one critical cellular component, such as the rods.
The current study (14) uses a cell-based therapeutic approach based on trophic effects of the natural products of the cells themselves. Using ex vivo transfection with plasmids encoding other trophic substances, it may be possible to achieve an even greater rescue effect (10) .
Although the results reported in the study by Otani et al. in this issue (14) suggest a potentially useful approach to preventing cone loss, there are some limitations. This work does not address the issue of rod loss. Nor is the approach useful for diseases that affect cones directly. Those photoreceptors that have already degenerated will not be rescued, and many patients come to the attention of the ophthalmologist late in the disease course. Nor is this paradigm likely to work for patients very early in the course of disease prior to the loss of vessels, since stem cells require a template for engraftment, which is uncovered only after vessels degenerate. Perhaps for those patients, selective ablation of vessels with photodynamic therapy would provide the basis for engraftment of endothelial cell precursors.
Although this study raises many interesting questions, including the question of the precise relationship between retinal neuronal and vascular degeneration, it is not necessary to answer all of them before proceeding further with this new approach to preventing cone loss in retinitis pigmentosa. 
